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COYOTE-HOLE PRIMARY BLASTING, DRESSER TRAP 
ROCK CO., DRESSER, WIS.-Y 


by 


L.G. Marshall 2/ 


INTRODUCTION 


This report, describing the mining method of the Dresser Trap Rock Co., 
Dresser, Wis., is one of a series published by the Bureau of Mines on mining 
methods, performance, and costs at mining operations throughout the United 
States. 


SUMMARY 


Dresser, in Polk County, is 3 miles south of St. Croix Falls, Wis. Conm- 
pany operations are about 1 mile north of the townsite, The mine has been in 
operation since 1914 and under the present ownership since 1949, 


The formation being exploited is an altered basalt at the southwestern 
extremity of a belt of igneous rocks of the Keweenawan era that trends north- 
east to Lake Superior, The deposit is highly jointed and faulted. Because of 
the irregular open jointing, the deposit, as exposed in the quarry workings, 
appears as unconsolidated blocks, slabs, and wedges, a physical characteristic 
desirable for the type of fragmentation used, 


Overburden ranges in depth from 0 to 3 feet. Stripping is done both 
under contract and by the company. Bulldozers are used to push the overburden 
into windrows for loading into trucks by small diesel shovels, 


The quarry face, at the site of the present operations, ranges from 65 to 
113 feet in height, The accepted means of blasting is by the coyote-hole 
method, On April 23, 1958, two unrelated coyote-hole blasts were set off. 
One blast of 15.40 tons of explosives, loaded in 13 pockets in 4 crosscuts 
serviced by a 67-foot adit, dislodged an estimated 209,000 tons of rock. The 
powder factor was 0.147 pound per ton. The other blast of 4,35 tons of ex- 
plosives, loaded in 10 pockets in 4 crosscuts, dislodged an estimated 66,000 
tons, The powder factor was 0.132 pound per ton of rock. Underground adits 
and crosscuts had an average cross section of 4 by 4 feet and totaled 501 


1/ Work on manuscript completed November 1958. 


2/ Mine examination and exploration engineer, Bureau of Mines, Region V, 
Minneapolis, Minn. 
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linear feet, The average advance per round was 2 feet. The total mumber of 
man-hours expended was 5,653. 


Steam shovels and locomotives manufactured during the period 1914-24 are 
used in loading and transporting the stone to. the mill for processing. 
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SCambridge 
HISTORY 
DRESSER . Exploitation of the 
CR efny traprock deposits in the 
a 


vicinity of Taylors Falls, 
Minn., was begun by a local 
group of farmers, Because 
of financial and operational 
difficulties, in 1913 a 50- 
percent interest was offered 
for purchase to John Wunder, 
a construction contractor of 
Minneapolis, Minn, The orig- 
inal operations were aban- 
doned in 1914 and activities 
transferred to the present 
site, about 1 mile north of 
Dresser, Wis. (fig. 1). 
Ni ia Under the direction of Wun- 
WI, in| der, the quarry was developed, 

A and the present plant was 
tae \) constructed (fig, 2). Some 
f equipment purchased at that 
time is still in use. 


After Wunder's death in 
1931, operations were con- 
tinued by his heirs. In 1949 
the corporation was purchased 
by a group of Dresser and St. 
Croix Falls bysinessmen. 
Operations have been con- 


FIGURE 1. - Location Map, Dresser Trap Rock Co., apie or eecuene aaa — E 
| Dresser, Wis. Dresser Trap Rock Co. 
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FIGURE 2. - Plant and Quarry. 
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The processed stone is 
used as road surfacing, bitu- 
minous aggregate, railroad bal- 
last, concrete aggregate, cus- 
tom aggregate for heavy-duty 
floors, and filter stone for 
sewage-disposal plants, The 
Perfect Seal Manufacturing Co., 
Walworth, Wis., used this stone 
in manufacturing rock wool un- 
til the plant was destroyed by 
fire in late 1957. 


Yearly production ranges 
between 125,000 and 150,000 
short tons of processed stone, 
Nearly 47 percent is aggregate 
used for road surfacing and 
concrete, 50 percent is used 
for railroad ballast, and 3 
percent is used for filter rock, 
Reportedly, experiments are 
being conducted at foundries 
using fine material from the 
mill in the cleaning of cast-~- 
ings as a possible replacement 
of aluminum oxide. 


THE DEPOSIT 


Dresser is at the south- 
western limit of a belt of ig- 
neous rocks of the Keweenawan 
era, trending northeast-south- 
west through the northern part 
of Wisconsin to Lake Superior, 
These Precambrian rocks consist 
mainly of gabbros and basic 
lava flows, with both basic and 
acid intrusives. 


In the vicinity of Dresser 
the deposit has undergone con- 
siderable hydrothermal or deu- 
teric alteration, As a result 
of this metamorphism, positive 
classification is difficult; 
however, the rock has been des- 
ignated as either an altered 
gabbro or an altered basalt, the 
latter being most commonly used. 


The term “traprock" is sometimes used in reference to deposits of this type 
and is a general term for dark, fine-grained, igneous rocks, 


Extensive, irregular, open jointing of the deposit has taken place (figs. 
3 and 6). There is no appearance of any definite joint system, and the strike 
and dip of the joints range through 180°. Two near-vertical faults transverse 
the quarry east-west and north-south. Associated with these two faults are 
several flat-dipping faults, with dips ranging from 10° to 30°. These physi- 
cal characteristics of the deposit are ideal for coyote-hole type primary 
blasting. 
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The stone ranges from dark green to black and reportedly has a hardness 
of 3,2, toughness (ASTM D-3-18) of 19, soundness (ASTM C-88-55) 25 cycles, 9- 
percent loss by Los Angeles Rattler test (ASTM C-131-55), and specific gravity 
of 3.00; and it fuses at 2,206° F. According to ASTM standards, toughness, as 
applied to rock, is the resistance offered to fracture under impact, expressed 
as the final height of blow required of a standard hammer to cause fracture of 
a cylindrical test specimen of given dimensions, Soundness is the resistance 


to disintegration by immersion in saturated solutions of sodium sulfate or mag- 


nesium sulfate, the cycles referring to the number of times of immersion, It 
furnishes information helpful in judging the soundness of aggregates subject 

to weathering action, The California Rattler test indicates the resistance of 
an aggregate to abrasive action, 
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Stripping 


Overburden ranges in depth from 0 to 3 feet. Stripping is done both 
under contract and by the company. The overburden is pushed back from the 
face of the quarry into windrows by bulldozers, and loaded into trucks by 
power shovels, Final cleanup of the eroded surface is done by company em- 
ployees, using hand shovels. 


Blasting 


Before 1930 three attempts were made to drill blast holes with churn 
drills. Im all, eight holes were drilled; only one bottomed at the quarry- 
floor elevation. Principal difficulties were deviation and caving of the 
holes, Since that time no attempts have been made with that or other types 
of drilling equipment. 


Coyote-hole blasting has become the accepted method of primary fragmen- 
tation, The open jointing and fracturing have produced the effect of a de- 
posit of unconsolidated blocks, slabs, and wedges, favorable to this type of 
blasting. 


The April 23, 1958, blast consisted of two unrelated coyote holes, whose 
portals were 540 feet apart. Between the portals was 370 feet of previously 
blasted rock (fig. 4). The west workings consisted of 67 feet of adit and 
205 feet of crosscuts, The east adit penetrated the formation for 67 feet and 
serviced 162 feet of crosscuts. Development was completed March 25 and re- 
quired 4,394 man-hours. Loading and stemming were begun April 17, completed 
April 22, and required 1,260 man-hours, During this period, 19.75 tons of 
explosives and about 500 tons of stemming were placed in the coyote holes, 


The average cross section of the underground openings was 4 by 4 feet. 

A typical drill round (fig. 5) consisted of five holes, One hole, in the cen- 
ter of the round, was drilled to a depth of 30 inches. The other four were 
collared near the center of the round and angled to the four corners of the 
drift. About 25 1l-1/2- by 8-inch sticks of 60-percent gelatin dynamite were 
loaded per round and detonated by No. 6 electric blasting caps connected in 
series, Electric power for blasting was taken from the 220-volt quarryline. 
Average advance per round was 2 feet. The powder factor was 3.611 pounds per 
ton of stone, 


Drilling was done with Ingersoll-Rand manual feed drifters mounted on 
horizontal jackscrew bars. The drill steel used was 1-1/2-inch round steel 
threaded for detachable bits, Timken 1-3/4-inch-gage bits were discarded when 
used after regrinding to 1-1/4 inches. Drilling in each coyote hole was done 
on a round-out, round-in, two-man, 10-hour shift basis. Compressed air was 
supplied by a 1,200-c.f£.m., Ingersoll-Rand, stationary compressor at the main- 
tenance shops and a portable, diesel-powered Gardner-Denver compressor of 600- 
c.f£.m, capacity, Air was piped to the quarry face in an 1,100-foot, 6-inch 
line that was reduced to 1 inch in the adits. Water for drilling was supplied 
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The term “traprock" is sometimes used in reference to deposits of this type 
and is a general term for dark, fine-grained, igneous rocks, 


Extensive, irregular, open jointing of the deposit has taken place (figs. 
3 and 6). There is no appearance of any definite joint system, and the strike 
and dip of the joints range through 180°. Two near-vertical faults transverse 
the quarry east-west and north-south. Associated with these two faults are 
several flat-dipping faults, with dips ranging from 10° to 30°. These physi- 
cal characteristics of the deposit are ideal for coyote-hole type primary 
blasting. 
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The stone ranges from dark green to black and reportedly has a hardness 
of 3.2, toughness (ASTM D-3-18) of 19, soundness (ASTM C-88-55) 25 cycles, 9- 
percent loss by Los Angeles Rattler test (ASTM C-131-55), and specific gravity 
of 3.00; and it fuses at 2,206° F. According to ASTM standards, toughness, as 
applied to rock, is the resistance offered to fracture under impact, expressed 
as the final height of blow required of a standard hammer to cause fracture of 
a cylindrical test specimen of given dimensions, Soundness is the resistance 
to disintegration by immersion in saturated solutions of sodium sulfate or mag- 
nesium sulfate, the cycles referring to the number of times of immersion, It 
furnishes information helpful in judging the soundness of aggregates subject 
to weathering action, The California Rattler test indicates the resistance of 
an aggregate to abrasive action, 
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Stripping 


Overburden ranges in depth from 0 to 3 feet. Stripping is done both 
under contract and by the company. The overburden is pushed back from the 
face of the quarry into windrows by bulldozers, and loaded into trucks by 
power shovels, Final cleanup of the eroded surface is done by company em- 
ployees, using hand shovels, 


Blasting 


Before 1930 three attempts were made to drill blast holes with churn 
drills. In all, eight holes were drilled; only one bottomed at the quarry- 
floor elevation, Principal difficulties were deviation and caving of the 
holes. Since that time no attempts have been made with that or other types 
of drilling equipment, 


Coyote~hole blasting has become the accepted method of primary fragmen- 
tation, The open jointing and fracturing have produced the effect of a de- 
posit of unconsolidated blocks, slabs, and wedges, favorable to this type of 
blasting. 


The April 23, 1958, blast consisted of two unrelated coyote holes, whose 
portals were 540 feet apart. Between the portals was 370 feet of previously 
blasted rock (fig. 4). The west workings consisted of 67 feet of adit and 
205 feet of crosscuts, The east adit penetrated the formation for 67 feet and 
serviced 162 feet of crosscuts. Development was completed March 25 and re- 
quired 4,394 man-hours. Loading and stemming were begun April 17, completed 
April 22, and required 1,260 man-hours, During this period, 19.75 tons of 
explosives and about 500 tons of stemming were placed in the coyote holes, 


The average cross section of the underground openings was 4 by 4 feet. 

A typical drill round (fig. 5) consisted of five holes. One hole, in the cen- 
ter of the round, was drilled to a depth of 30 inches, The other four were 
collared near the center of the round and angled to the four corners of the 
drift. About 25 1-1/2- by 8-inch sticks of 60-percent gelatin dynamite were 
loaded per round and detonated by No. 6 electric blasting caps connected in 
series, Electric power for blasting was taken from the 220-volt quarryline. 
Average advance per round was 2 feet, The powder factor was 3.611 pounds per 
ton of stone, 


Drilling was done with Ingersoll-Rand manual feed drifters mounted on 
horizontal jackscrew bars, The drill steel used was 1-1/2-inch round steel 
threaded for detachable bits, Timken 1-3/4-inch-gage bits were discarded when 
used after regrinding to 1-1/4 inches, Drilling in each coyote hole was done 
on a round-out, round-in, two-man, 10-hour shift basis. Compressed air was 
supplied by a 1,200-c.f.m., Ingersoll-Rand, stationary compressor at the main- 
tenance shops and a portable, diesel-powered Gardner-Denver compressor of 600- 
c.f£.m, capacity. Air was piped to the quarry face in an 1,100-foot, 6-inch 
line that was reduced to 1 inch in the adits, Water for drilling was supplied 


526008 O -59 -2 


Google 


098' 
PREVIOUSLY 
108" seer Ean ee OG ea' 
a\ 4 BLASTED i Re tates es 
ae Leni 
sa ‘ Doe Bie 
WIT a ey Ss os eS ‘ 
Pa Pee ae MATERIAL \ a 
co ae 1 BS Noise ' 
7 ae na | 
: , ' \ amc” i 6° ——~ . Ne 7 ‘ 
vA ye H \ a OO! 999 ‘ es ccts . igs a 
i v : ‘ we * \ ‘ / : 
dH ; ; - ae aa x i } 
N \ ae Cc An ue : \ : ae 
: ; i: a \ 
\ \ ae or" 
7 \ ow 
LNT" \ “ \ 
y ( 
ign 1 
; \ 
7 
\ 
a 
\ 
f- 004 (037° 
’ neni. 7 To a 
yf Tee, f ! 
/ ra 
F ue 
/ j 
j ! 
Va / 
12 pode / 
SUMED BASE ELEVATION 1000’ a 
/ 03!" 
¢ 
i / 
7 
' 
! s “02! 
L104" | 
! 
{ 
\ 
\ 
\ 
\ 
\ 
\ 
‘N 
N 
‘N 
N 
N 
\ 
\ 
\ 
Bone 
ie 
N\ 
‘N 
\ 
oer 
‘1001 
L080 EGEND 
Crestline before blast 
meena Limit of backbreak after blast 
lteieatebeteete Original toe 
Se eee Toe after blast 
l084 sesseseseennneeceunenenaes Toe of newly blasted material 
Scale 
2 250 __-300 


Feet 


FIGURE 4. - Plan of Quarry. 
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| . ee | from 10-gallon pressure tanks at the 


J TON IGA. , portals, Throughout the winter 
‘ P months water was heated over an open 
g 4 fire in 50-gallon drums near the por- 
K tal and transferred to the pressure 
Ki S tanks when needed, 

< : Broken stone was mucked off the 

¢ rough with short~-handled, round- 

< point shovels into cars of about 150- 
< pound capacity (fig. 6). Cars were 
A S hand-trammed to the dump on a 9=-inch- 
y oo es (6° gage track, The maximum tram dis- 
a San A 4 AEN oaenen tance in the west workings to the 


dump was 180 feet and in the east 
workings, 155 feet. 


The west adit was driven 67 


4 (WI Dex i. 
Roof. “Y wee feet (fig. 7). Crosscuts were 
KS pee driven easterly and westerly at 38 
Foce Win thr feet for lengths of 34 and 35 feet 
yo nt” and at the end of the adit for 66 
Se ere _ and 70 feet. Crosscut 1W was loaded 
= <7ze7-+ with 2,200 pounds of Hercules Tritex- 
% W.R., a nitro-carbo-nitrate explo- 
Be sive, in 8- by 27-1/2-inch sticks, 
KS Se. each weighing 50 pounds. The explo- 
‘ ee sive was loaded in three pockets; 
see OO nas each pocket primed by two 8- by 18- 
; ~ 1/2-inch, 50-pound sticks of Her- 
Section "A- A" cules Gelamite-D, a 60-percent 
Through center of tunnel semigel dynamite, making a total 
charge of 2,500 pounds. Crosscut 
FIGURE 5. - Coyote Hole Drill Round. 1E was loaded with 2,700 pounds of 


Tritex-W.R. in three pockets, each 
primed with two sticks of Gelamite-D. A line of Primacord was laid on each 
side of the crosscuts and was extended as loading and stemming progressed. 
These lines were crosstied at 10-foot intervals, and all connections were 
taped, A line of Primacord was threaded through each primer stick and con- 
nected to both trunklines. 


Crosscut 2W extending 70 feet from the adit was loaded with 11,000 pounds 
of Tritex-W.R. in four pockets primed by 600 pounds of Gelamite-D. Crosscut 
2E was loaded with 13,000 pounds of Tritex-W.R. in three pockets primed with 
700 pounds of Gelamite-D. The double line of Primacord was laid as in the 
other crosscuts and extended outward in the adit because this opening was 
stemmed, 7 


A light alumimm roller conveyor, assembled in 10-foot sections, trans- 
ported the dynamite and stemming into the workings. Employees, stationed at 
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FIGURE 6. - We 


suitable intervals, manu- 
ally maintained the movement 
of the sticks of explosives 
and boxes of stemming along 
the conveyor, 


Stemming consisted of 
minus-1/16-inch material 
trucked from the mill and 
was transported into the 
workings in wooden powder- 
boxes and placed uncom 
pacted in the crosscuts, 
The adit was stemmed to the 
portal (fig. 7). After the 
blast a considerable amount 
of this stemming was noted 
in the toe of the muckpile, 
190 feet from the location 
of the portal. 


The quarry was surveyed 
by Bureau of Mines person- 
nel before and immediately 
after the blast, Assuming 
the position of the new toe 
from the previous slope of 
the blasted face and the 
placement of underground 
workings and explosives, 
cross sections were made 
through the blasted areas. 
Using this information, it 
was estimated that 209,000 
tons of rock was dislodged by 
the 15.4 tons of explosives, 
the powder factor being 
0.147 pound per ton of rock, 


The average height of the quarry face above the west workings was 113 
Figures 8 and 9 show the face before and after the blast. 


In the area of the east workings (fig. 10) the closer jointing of the 
rock, the nearby well-traveled road, powerlines, and railroad, and a low 
quarry face, averaging 65 feet in height, required a change in spacings of the 
pockets and a mich lighter charge than in the west workings. A total of 3.775 
tons of Tritex-W.R. and 0.575 ton of Gelamite-D ware loaded in these workings 
(fig. 11) in the same manner as in the west workings. 
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Crosstied every 1O' and tied through each primer. 
Each connection taped. 


Stemming 


Pocket of explosives 


Primers Gelamite D, 8"xI85", 50 lb. per stick 


Sticks Hercules Tritex, WR, 8"x275", 50 Ib. per stick 


FIGURE 7. - Distribution of Explosives, West Workings. 


Google 


10 


>. 

+ a 
Youre 
4 ey 2a, 


ne 


% 


¢ 


FIGURE 8. - West Face Before Blast 
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FIGURE 10. - East Face Showing Jointing. 


The two lines of Primacord were crosstied at the portal of each adit. A 
No. 6 electric blasting cap was attached to each end of the trunklines, and the 


caps were connected in series, The two blasts were coordinated (fig. 12) by 
joining a cap at each portal with a line of No. 14 wire. The remaining two 
caps at each portal were connected in series with the 220-volt a. c. quarry- 
line. The charge was detonated by closing the main blasting switch in the 
vicinity of the maintenance shops. 


An estimated 66,000 tons of stone was dislodged in the east blast. The 
total amount of explosives used was 4.35 tons. The powder factor was 0.132 


pound of explosive per ton of stone, Figures 13 and 14 show the face before 
and after the blast, 


As shown in figures 9 and 14, the average size of the blasted material in 


the west face, ranging from pieces weighing several tons to small fragments, 
was mich larger than the material from the east face, The spacing of the 
jointing played an important part in the sizing of blasted material. Very 
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FIGURE 11. - Distribution of Explosives, East Workings. 
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No.6 E.B. caps 


Approx. |400_ to 
220~v. a-c. quorry 
power supply. 


FIGURE 12. - Schematic Electric Power Supply for Blasting 


Operation. 


little fragmentation, as a direct result of the blast, was noted. In most 
instances fragmentation was probably due to attrition. 


Both blasts are summarized in table l, 

Secondary blasting is done mainly by mud capping, blockholing being re- 
quired only on the larger rock fragments. When the shovels move into a newly 
blasted area, two men are assigned to secondary blasting, this number may in- 


crease to six during the final cleanup cuts. 


Table 2 is a summary of operating costs in units of labor and supplies 
per short ton, 
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TABLE 1, - Performance data - coyote-hole blast 


Development : 


West WOT KEG ood 556 he 85. ow wb OE ew wel oe 65a ee eenwee Ons 
East WOCK LGB a5 65S oo ooo oid oo Aa WS ae Oe Sw e.O Se HS bw RSE EOs 


OC BL are oosig 56 w 5 oss FSS. R EOS ew Cee BARES ER ORR Oe 


EXD LOSUVG6 6566 6.5:6:66.54 5.95605 oa WEES BW Ss Oe eee en ae eee ew Sees 
EXP LOSI VEG 66056 siic.nn onde 050545 6 G000 56S 6 os os Sas ee Se Se bk oee eee Eon 
Drilling and blasting... ..ccccccccccccccceccscccsesvecees man-hours 
Leading and Stamm ng oo 66 66.6:06566 8566 6466 E46 Cees eee sis ase eesesecdOs 


TOCA esos Siaicte soldi Aub rele Bib eos OG WAS OOM ORR eee eae dOs 


Drilling and blasting... .cccccccccccccccscvcccccesses..-man-hours/ton 


Primary blasting: 


Explosives, West DGS i ae obs es Hee oS A ew bee ee wen wee ach inks el Ue 
Explosives, East DUA Eo 65 65 0h 455 Ao OSS OWE CSR wREDS 


DOCS ee aid soso oe 6 Mien ooo ik OS WO be ERR wR REDS 


West DEAS bc ha es we ccrerew ie bk eb hea ae oe hoes eee ehwketec ons of rock 
East DAS Gig o-5 ooo hse es Oe R RRS ee ORAS Os 


oy Leap ae rig eR ee aga PIPE ROR eR mE ean ne ea Cae aa meee CEN TO « {0 1 


Explosives, West las Gi scks beh eek oh se 8 ee wn ee ease les Eon 
Explosives, East BLAS G6 obs eek area ee ae we eee LD CON 
Total (wel Shted) 66.4 sic deeb hah be asl sn ah b sew keo be eeweses lb. ton 


Summary : 


Coyote hole development... cccccccccccccccccccccecces sman-hours/ton 
Loading and BU CRE sos ers Soo Se ease hed ws Sia wer bs eee oe eds 


TOC G5 Shek hie hs oe Oe eS wn Ge eh Sareea es 


Primary blasting...ccccccsceccccccccccscessecccseeldD, explosives/ton 
Coyote hole development......csccccccccccecccesecelb, explosives/ton 
TOCA 6 co sioe ao Sah 0000.50.80 ow Ra eo ee tr esserewet Ds Explosives; ton 
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390 
330 
720 


2,600 
3.611 
4,393.5 


1,259.5 


5,653.0 


6.1 


30, 800 


8, 700 
38,500 


209, 000 
66,000 


275,000 


0.147 


132 


144 
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TABLE 2, - Summary of operating costs in units of labor, 
power, and supplies 


Labor (man-hours per short ton of stone): 
Drilling and blasting (coyote hole)....sccccscccccccscves 0.02 
Blasting . -SECONGBTY 5.6.5 oo s:6-6k 4A so KOs eb le HO SSeS 03 
OG GLAS ois caw. sac7o abso 00 alo ora Sn a 60 8 we oe e106 drew e ewer wateliee wea ece 0.01 .05 
HAW A SC ais do Gy Ssh oo we SKS See OUTS OOo he ees O1 04 
Miscellaneous 65.555 iiss b Ae ioe 06s Gabo 6 OA ws Wee w es we w de8 02 
SUP CLV 18 1 OD 5 iretee.5 565%: aroire Bieuetalin .crer-e/e © a8 Sere Sea ea Sere ewes ee ew ee Ol 
TOCAL LADOF io e6idie Giwiers 6 0:6 66 ON OSE VER OES OS 00s se Se wes 17 
Labor (percent of total COSt)...cccrcccccvccercvscccvsece 52 
Average tons per man per Shift... .cccccccccvcvccscccesscces 71 
Power and supplies: 
Explosives, secondary blasting......c.cceccccoeeeelb./ton 0.033 
Explosives, primary blasting... ccccrccccvvccvescerecs ede . 153 
TOCA Ld. isvise wists oboe ako ewG owe eae athe sae ewe 8 ees eee es G0. . 186 
Fuel (coal): | 
DOV 6 18 io .i5 65-5 6 ee aaraa is Sige Wk wie woe G06 whe ao Owe 64s 60 CONE 005 
LOCOMOCIVES 6635.60 See torte <:4 ae SS ORES 66 U6 406.0 ee +E .009 
TOCAL LUC 1 o-54:54.4504cad en eeees ee eea Gece ta eeeeeeaOs 014 
Other supplies (in percent of total supplies)...........- 60 
Supplies (percent of total COBt)..cccccccccccscccrcccesoes 30 
Percent: of total: COS bisa diisc o60% 46.0600 ONS Se wwe wee we howls We 82 
Unclassified costs (percent of total COBt)...cccccocevccees 18 


"TOU cies 6 ho 50 EOE a MERA OES ES RR EEE RS 100 
LOADING AND HAULING 


Loading is done with two 120-ton Marion-Osgood steam shovels (fig. 15) 
equipped with 4-1/2-cubic-yard Eimco-Mesabi buckets. These two shovels will 
load from 1,300 to 1,500 tons per shift. 


The stone is loaded into 12 Petlar and 18 Kiburn-Jacobson 10-ton-capacity, 
side-dump cars (fig. 16). Three 35-ton Porter steam locomotives (fig. 17) 
haul the stone to the crushing and screening plant in 6-car trains on standard 
gage track. One 25-ton Porter locomotive is used for switching cars at the 
crushing plant. The average haul to the mill is 0.65 mile; the last 1,500 
feet has a plus-1.46 percent grade. The stone is dumped directly into an 
Allis-Chalmers 72- by 84-inch jaw crusher, driven by a 650-hp. d. c. motor. 
The crushing and screening plant produces 14 sizes of stone, 8 at any one 
time. Processed stone ranges in size from 4-1/2 inches to minus-1/16-inch, 
with the major production being 1-1/2 inches and less. Figure 18 is a general 
view of the mill. 


Mainline tracks of the Minneapolis, St. Paul, and Sault Ste. Marie Rail- 


road adjoin the mill and quarrysite. The railroad company maintains about 2 
miles of track on the mining company's property. 
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Side-Dump Quarry Cars. 
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FIGURE 17. - Haulage Locomotive. 
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FIGURE 18. - The Mill. 
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